Abstract -Cystoseira granulata C. Agardh var.
INTRODUCTION
In the Mediterranean Sea, the species of the genus Cystoseira C. Agardh, 1820, nom. cons. , are the main forest-forming species of the photophilous rocky substrates from the littoral fringe down to the lower euphotic zone (down to 70-80 m depth in the clearest waters) (Giaccone & Bruni, 1973; Giaccone et al., 1994; Thibaut et al., 2015; Blanfuné et al., 2016a,b; Boudouresque et al., 2016) . Out of 289 taxa of Cystoseira listed worldwide (including homotypic and heterotypic synonyms and names of uncertain taxonomic status), 32 species and more than fifteen infra-specific taxa are currently accepted taxonomically in the Mediterranean Sea . However, in spite of their importance as habitat formers, the delimitation and distribution of a number of species are still not well known (Roberts, 1978; Ribera et al. 1992 , Draisma et al., 2010 Cormaci et al., 2012; Berov et al., 2015; Bouafif et al., 2014 Bouafif et al., , 2016 . The reason for this is that the species of Cystoseira offer few unambiguous diagnostic characters and that some of these characters are more or less overlapping. Genetic tools will probably help to disentangle their taxonomic value. Montagne (1838) described from Algeria (Cherchell, west of Algiers, Mediterranean Sea) a taxon he regarded as a new variety of the Atlantic species Cystoseira granulata C. Agardh, as C. granulata var. turneri Montagne. This taxon represents one of the least well known Cystoseira taxa; in addition, it became subsequently a source of confusion. Agardh (1842: 47-48) , on the basis of distinct specimens from the north-western Mediterranean and the Adriatic Sea, raised Montagne's taxon to species level, under the name of C. montagnei J. Agardh, actually a new species. Cystoseira montagnei was widely recorded in the Mediterranean Sea until several authors expressed doubts regarding its taxonomic value, considering it as a mixture of distinct taxa (e.g.: Sauvageau, 1912 Sauvageau, , 1920 Papenfuss, 1967; Roberts, 1978) . Following Sauvageau (1912) , Mediterranean authors replaced the name 'C. montagnei' by those of C. spinosa Sauvageau and C. adriatica Sauvageau. Cystoseira montagnei is now often treated as a taxon inquirendum in the updated Mediterranean checklists and floras Cormaci et al., 2012 ; but see Perret-Boudouresque & Seridi, 1989) .
In 2014 and 2015, we collected specimens corresponding to Montagne's taxon, C. granulata var. turneri, from the regions of Tipaza and Algiers (Algeria) (Sellam et al., 2016) . The morphological study of these specimens showed that they belonged to a taxon quite distinct from C. spinosa. The aim of this study was (i) to reassess the status of C. granulata var. turneri, C. montagnei and C. spinosa, made obscure by taxonomic ambiguities and misuses (ii) to propose the lectotypification of C. granulata var. turneri and of C. montagnei, (iii) to propose a new name for Montagne's C. granulata var. turneri (C. michaelae nom. et stat. nov.) and (iv) to provide information concerning the ecology and distribution range of the latter species.
MATERIAL AND METHODS
Sampling and observations were undertaken using SCUBA diving, between the sea surface and 25 m depth, at different localities in the regions of Tipaza and Algiers (Algeria), from La Corne d'Or to Bounetah Island, between August 2014 and November 2015 (Fig. 1) . The populations were studied all year round, at twoweek intervals.
Samples were transferred to the laboratory (in Algiers), then rinsed with seawater and cleaned of epiphytes. The samples were either preserved in 4% buffered formalin/seawater or pressed and prepared as herbarium specimens. A subsample of some specimens was preserved in silica gel for further DNA analyses. The material studied has been deposited in HCOM, the Herbarium of the Mediterranean Institute of Oceanography, Aix-Marseille University (Herbarium abbreviation follows Thiers, 2016) .
Specimens were compared with the almost exhaustive collection of Mediterranean Cystoseira species deposited in the HCOM and with the syntype of C. granulata C. Agardh var. turneri Montagne (deposited in the herbaria of the Muséum National d'Histoire Naturelle, Paris, PC), the syntype of C. montagnei J. Agardh (deposited in the J.G. Agardh herbarium, Botanical Museum, Lund University, LD) and the lectotypes of C. spinosa Sauvageau and C. adriatica Sauvageau (herbaria of the Muséum National d'Histoire Naturelle, Paris, PC). They were also compared with other specimens housed in the herbaria of the Université Montpellier 2 (MPU) and of PC ( Identification criteria, in the genus Cystoseira, are based on the mode of attachment to the substratum, the number and the form of axes, the aspect of apices and tophules (when present), the phyllotaxy and the morphology of branches, the occurrence and the arrangement of cryptostomata and aerocysts, and the location and the morphology of reproductive structures (see Sauvageau, 1912 Sauvageau, , 1920 Hamel, 1939; Ercegović, 1952; Gómez Garreta et al., 2001; Mannino & Mancuso, 2009; Cormaci et al., 2012; Taşkin et al., 2012) . The initial nomenclature (before the changes resulting from the present investigation) followed that adopted by .
Literature dealing with C. granulata var. turneri, C. montagnei, C. spinosa and C. adriatica was exhaustively searched and analyzed.
RESULTS
Hereafter, we describe the morphology, phenology and habitat of the specimens we collected in Algeria. Morphological description. Plants stiff, up to 30 cm high, not caespitose, yellowbrown in colour when alive and darker when dried, attached to the substrate by a robust discoid holdfast ( Figs 2-4) ; main axis up to 20 cm high, branched, with apices not protruding, surrounded by spinose tophules ( Figs 5, 7) ; spinose tophules ovoid, 5-13 mm × 5-7 mm, becoming smooth-tuberculate when older ( Figs 5-7) ; primary branches, up to 18-19 cm long, of two different types: either slightly complanate, up to 2.5 mm wide, with an inconspicuous rib and irregularly alternately branched in one plane, or cylindrical and branched in all directions, with spaced short simple to bifid spine-like appendages (Figs 2-3 & 8-10 ). The habit varies with depth: shallow specimens have cylindrical branches while the deeper ones have complanate branches. Cryptostomata scattered along branches; specimens monoecious; receptacles both intercalary basal, compact to more or less loosely arranged, attached just above the tophule (Figs 11-13) , and terminal, cylindrical and more or less diffuse on branchlets (Figs 18-19) ; conceptacles male, female or hermaphroditic, differentiated in the branch and at the base of spine-like appendages . No obvious relationship was found between the location of the conceptacles, their type (male, female, hermaphroditic) and the receptacles. Phenology. The annual growth cycle is similar to that of other lower infralittoral species of Cystoseira. The plant grows from the early spring to the summer. While terminal receptacles were observed in late summer and autumn, basal receptacles were present all year round. Plants shed their primary branches in late autumn and they are almost devoid of primary branches in winter (Fig. 4) . Habitat. The species thrives in the lower infralittoral zone (sensu Pérès, 1982) , between 10 m and 25 m depth (limit of our investigations), and on sub-horizontal to gently sloping photophilous rocky substrates (0 to 45°). It is always heavily covered with epiphytes such as other macroalgae, bryozoans, hydroids and sponges. The species forms sparse algal forests (< 5 individuals.m -2 ), in association with other large macroalgae such as Cystoseira zosteroides (Turner) C. Agardh, Dictyopteris lucida M.A. Ribera Siguán et al., Dictyota cyanoloma Tronholm et al., Dictyota spp., Flabellia petiolata (Turra) Nizamuddin, Phyllariopsis sp., Sargassum sp., Zonaria tournefortii (J.V. Lamouroux) Montagne, and a rich sessile fauna dominated by Eunicella singularis (Esper, 1791) and large species of sponges, bryozoans and hydroids.
DISCUSSION AND CONCLUSIONS

A good fit between Cystoseira granulata C. Agardh var. turneri Montagne and the specimens collected in the Algiers region
Montagne (1838: 340-342) described from Algeria, 'prope Juliam Caesaream' (now Cherchell,~80 km west of Algiers) a taxon he regarded as a variety of the Atlantic species Cystoseira granulata C. Agardh, as C. granulata var. turneri Montagne. Montagne (1846: 13-14, plate 4) re-described and nicely illustrated The specimens we collected from the region of Algiers correspond well with Montagne's description and to his herbarium specimens (syntype) housed in the Muséum National d'Histoire Naturelle (Paris: PC) ( Table 1 ). The taxon is very easily distinguishable from all other Cystoseira species through a panel of characters: (i) a single axis with spinose (when young) to smooth-tuberculate (when old) tophules, (ii) primary branches either slightly compressed, with an inconspicuous rib, and irregularly alternately branched in one plane, or cylindrical and branched in all directions, with spaced short spine-like appendages (iii) receptacles either intercalary basal, just above the tophule, or terminal, cylindrical and diffuse on branchlets.
The fate of Cystoseira granulata var. turneri and the confusing story of C. montagnei and C. spinosa
Meneghini (1842) reported C. granulata var. turneri from Naples, Toulon, the northern Adriatic Sea and Dalmatia. J.G. Agardh (1842) , receiving several specimens of Cystoseira with spinose tophules from France (Cette, now Sète, and Marseille) and the northern Adriatic Sea (Trieste, Italy), concluded that they all belonged to Montagne's taxon. Considering C. granulata var. turneri to be quite distinct from C. granulata C. Agardh [currently C. usneoides (Linnaeus) M.Roberts (Roberts, 1968; Spencer et al., 2009) ] and from all the other species known at that time ('Species distinctissima, a Montagne primum bene descripta, sed cum C. granulata male confusa': 'very distinct species…, well described for the first time by Montagne, but with C. granulata badly confused'), J.G. Agardh raised the var. turneri to species rank under the name C. montagnei J. Agardh. However, it is worth noting that, in his description, J.G. Agardh mentioned the spinose tophules and the compressed branches but omitted the major diagnostic character of Montagne's taxon, i.e. the basal intercalary receptacles. Montagne (1846) Sauvageau (1912 Sauvageau ( , 1920 concluded that C. montagnei J. Agardh differed from C. montagnei sensu Montagne and was a mixture of species. Except for specimens from Algeria that possessed all the characteristics of C. montagnei Montagne non J. Agardh (sic) [here: C. michaelae] , all the other records from France, Corsica, Sardinia, Italy and Adriatic Sea were doubtful because devoid of basal intercalary receptacles: C. montagnei sensu Va liante from Naples would probably be C. spinosa and C. montagnei sensu Hauck from the Adriatic sea would probably be C. adriatica (subsequently synonymised with C. spinosa; see Cormaci et al., 1992) . In the Adriatic Sea, Ercegović (1952) followed the conclusions of Sauvageau (1912 Sauvageau ( , 1920 (Fig. 22) , constitutes a well delineated the Algerian coast. Currently, C. michaelae seems to be an endemic species restricted to Algeria and northern Tunisia (Cyrine Bouafif, pers. com.) .
Cystoseira forests are highly impacted due to the cumulative effects of increasing human pressure (e.g. destruction of habitats, pollution, non-indigenous species, overfishing, coastal aquaculture and global warming). Losses have been reported throughout the Mediterranean Sea caused by habitat destruction, eutrophication and overgrazing by herbivores (fish, sea urchins), leading to a shift to lesser structural complexity, such as turf-forming seaweed assemblages or barren grounds where sea urchins are the drivers of habitat homogenization (Thibaut et al., 2005 (Thibaut et al., , 2015 Blanfuné et al., 2016a,b) . Protective measures should be taken so that the C. michaelae forests do not suffer the same decline as many Cystoseira forests of the Mediterranean Sea. (Cormaci et al., 1992: 30) . Some other possible synonyms are evoked by Cormaci et al. (1992 Cormaci et al. ( , 2012 and : their discussion is beyond the scope of the present study.
